Flavonoids are naturally occurring polyphenolic compounds which exhibit antioxidant properties. Quercetin is an important member of flavonoids family. It is a common ingredient in numerous food supplements like vegetables specially onion, citrus apples and olive oil. Apart from vegetables and fruits other sources are plant derived beverages like green tea and red wine. Recent studies show that it exerts potential health benefits due to its ability to scavenge various highly reactive free radical species generated during various metabolic activities. Studies claimed that it protects against aging, osteoporosis, pulmonary5 and cardiovascular disease promotes balanced blood pressure and also protects from certain types of cancers. Consequently it stimulated interest in its study to collect scientific evidences for its various health benefits and to examine possible mechanism of its antioxidant activity and toxicological aspects. The aim of this review is to review the studies so far in order to elucidate the possible beneficial health effects of quercetin and to understand the possible mechanism involved in its antioxidant activity.
INTRODUCTION
Flavonoids are a special class of phytonutrients (plant chemicals) found in almost all vegetables and fruits in more or less quantity. Along with carotenoids, flavonoids are responsible for the various colors in fruits and vegetables. Flavonoids are the largest group of phytonutrients; they are further divided in various subclasses (Chart 1). Flavonoids are water soluble polyphenolic compounds which containing 15 carbon atoms. Flavonoids basically belong to polyphenolic compound family. All type of flavonoids contain a skeleton ( Fig.1 ) of diphenylpropane in which two benzene rings (ring A and B) attached with three carbon chain that forms a closed pyran ring (heterocyclic ring containing oxygen, the C ring) generally, B ring is attached on C-2 position of C ring, but it can also attach on 3 or 4 position of the ring. The flavonoids, one of the large and more diversified groups of phytochemicals due to the specific structural features of the ring B and the way of glycosylation and hydroxylation of the three rings Their biological activities (potent antioxidants) also depends upon both on the structural characteristics and the pattern of glycosylation. Some of the bestknown flavonoids are quercetin and kaempferol. 
Important subclasses of flavonoids

REACTIVE SPECIES -FREE RADICALS Occurrence
Chemically free radicals are neutral species with unpaired electron. The high reactivity of free radicals is due to presence of unpaired electron. They are produced in human body during various metabolic processes mainly in mitochondria and peroxisomes. Sometimes immune system's cells purposefully produce them to counter viruses and bacteria. Environmental factors such as pollution, radiations, X-rays, cigarettes smoke, pesticides also responsible for production of free radicals. Oxidative 
FUNCTION AND PURPOSE OF FREE RADICALS IN LIVING BEING
A. Beneficial aspects ROS and RNS are beneficial at low concentration; these species are purposefully produced during various metabolic and other processes. They are part of body defense system. During attack of pathogenic microbes phagocytes (macrophages, neutrophils, monocytes) release free radicals to counter microbes as part of the body's defense mechanism 2 . During exercise when muscles become more active, they increase formation of ROS and RNS. These ROS and RNS are important signaling agents that help regulate acute responses to exercise as well as positive adaptations to training in the muscles. Therefore these active species are necessary for the smooth function of muscles 3 .
B. Deleting effects
The excess production of ROS and RNS causes imbalance between generation of these species and oxidative defense which result in oxidative stress. Oxidative stress is closely associated with damaging effects on various biomolecules including carbohydrate, proteins, DNA, RNA, and nucleic acids 4 . ROS and RNS can also damage mitochondrial DNA which is supposed to be the main cause for several human diseases and also trigger the aging process 5 . Free radicals mainly damage polyunsaturated fatty acids of the cell membrane. This oxidative deleting effect of polyunsaturated fatty acid is known as lipid peroxidation which proceeds by a chain reaction 6 . The process of lipid peroxidation involves attack of free radical (R˙) on lipid molecule and oxidizes the lipid molecule by abstraction of hydrogen and form lipid free radical (Lip˙). This lipid free radical readily reacts with oxygen to form a lipid peroxyl radical (LipOO˙). This lipid preoxyl radical is a carrier of the chain reaction which can enter in chain propagation step and oxidize new lipid molecule to produce lipid hydroperoxide (LipOOH).This lipid hydroperoxide may enter chain termination step and break down into either stable lipid alcohol or into aldehydes 7 . Studies show that 4-Hydroxy-2-nonenal is the most toxic while Malondialdehyde is most mutagenic product of lipid peroxidation 8 . Some of these aldehydes being biologically active in nature migrate from site of their production causing cell membrane damage and other disease.
Oxidative stress
Oxidative stress is essentially the measure of an imbalance between the production of free radicals during various metabolic reactions and the ability of the body to counter or detoxify their harmful effects by antioxidant defense system. Cells produce free radicals during various metabolic processes and neutralize them through antioxidant defense system but sometimes over production of free radical causes an imbalance and cells failed to counter free radicals. The excess production of free radical cause short term or long term oxidative stress depending upon the concentration of free radicals. The excess free radicals damages biomolecules like lipids, carbohydrate, protein, DNA and RNA. Various diseases are associated with oxidative stress are given in Table 2 .
Chart 1
Lip-H + R˙ → RH + Lip˙ (Lipid free radical) Lip˙ + O2 → LipOO˙ (Lipid Peroxyl Radical) LipOO˙ + LipH → Lip˙ + LipOOH ( Lipid hydorperoxide) LipOOH + Lip˙ GSH, NADPH, Glucose-6-Phosphate dehydrogenase
LipOH
Malondialdehyde (MDA), Lipid Radical 4-Hydroxy-2-nonenal (HNE), propanal, hexanal
Antioxidants
The term "Antioxidant" refers to any substances is misleading. It is nothing but only a chemical property. It is basically a behavior of any compound to donate electrons and neutralize free radicals. Some substances which act as antioxidants in one chemical environment may act as prooxidants (electron acceptor) in a different chemical environment. Each antioxidant has unique chemical and biological behavior. A particular antioxidant counteracts certain type of free radicals. Antioxidants form the first line of the body defense system. Body's immune system uses them to check the free radicals and prevent them to exert damaging effects on vital cellular or biomolecular targets. Antioxidants transfer electrons to the free radicals, thereby forming more stable product from highly unstable free radicals. There are probably thousand substances which exhibit antioxidant properties.
Antioxidants may be divided into enzymatic and non-enzymatic subclasses. Enzymatic antioxidants are basically enzymes and coenzymes that may show antioxidant properties. These are easily recycled and hence only small quantity is sufficient. Some examples are Superoxide Dismutase DHEA, Glutathione Peroxidase, Catalase, Coenzyme Q10 (Coenzyme), Melatonin. 
QUERCETIN
Chemistry of quercetin
Quercetin is a member flavonoid family and it is categorized under one of the six subclasses of flavonoid as flavonol (Table-1 ). Chemical formula of quercetin is C 15 H 10 O 7 . It is a yellow crystalline powder. Chemically quercetin is a polyphenolic compound and its antioxidant activities are basically due to polyphenolic groups. The presence of free 3-OH substituent increases stability of the quercetin radical. Quercetin is mainly present in quercetin glycoside form in which it is attached with one or two glucose molecules. Quercetin aglycol form is found in lesser quantity. Quercetin glycol form is more readily absorbed as compared to aglycol form 9 . Quercetin glycosides are metabolized in various organs and releases aglycol form. Numerous studies have been done on bioavailability of quercetin glycosides and its aglycol form.
Beneficial Effects of quercetin a) Quercetin as an antioxidant
A number studies have claimed antioxidant properties of quercetin. Quercetin act as an 10 . It also reduces inflammation cause by free radicals. Scavenging activity of quercetin is due to presence of phenolic hydroxyl group on B ring and C3-position in the C ring. Free radicals which are produced in various metabolic processes may activate transcription factors which causes generation of proinflammatory cytokines. High level of cytokines often found in the patients which suffer from chronic inflammatory diseases 10 . Quercetin also protects from environmental factors which trigger free radicals production. Studies show that membrane of red blood cells is damaged by the free radicals which are produced due to smoking (cigarette tar ) 12 . The deleting effect on red blood cells due to smoking is prevented by the quercetin aglycone and its conjugate metabolites (Quercetin O-β-glucuronide and Quercetin -3-O-β -glucoside). 
b) Cancer
Various studies so far indicated that quercetin has noticeable effective value in cancer therapy 13 . Studies also suggest that quercetin has potential chemo-preventive activity and it also show a unique anti-proliferative and apoptotic effect on cancerous cells, which make it effective against any neutral cancer treatment approach. Although mechanism is yet to understand but quercetin seems to arrest cell cycle either at the G 1 /S or G 2 /M transition state depending upon the cell type 14 . Studies suggest that quercetin's cancer-protecting effects result possibly from the modulation of estrogen-receptor pathways. Quercetin is helpful in arresting the processes involved in growth of the tumors, cell mutation, and side effects of conventional cancer treatments, such as radiation or chemotherapy. Quercetin treatment quenches the growth of various types of human cancers, including prostate, lung cancers, breast, leukemia, esophagus, colon, endometrial, and nasopharyngeal 15
c) Cardiovascular Health
Now a day's heart diseases are the major killers, which are responsible for about almost half of all the deaths. The low density lipoproteins (LDL) which is found in blood contain mainly poly unsaturated fatty acids. The oxidation of these lipid components in LDL is responsible for atherosclerosis 9 . The vessel wall made of smooth muscle cells, endothelial and macrophage which can produce free radicals. These free radicals cause lipid peroxidation 16 due to high level of these oxidized lipids for a long period. Vessel walls are affected and start to generate foam cells and plaque the vessels and ultimately cause atherosclerosis. In addition to the formation of atherosclerosis plaques, oxidized LDL is also cytotoxic and can damage endothelial cells and play vital role in cardiovascular disease. Quercetin is very effective in cardiovascular disease. Studies have shown that intake of quercetin lower the heart disease and stroke incidence. Quercetin may help to reduce the risk of atherosclerosis, buildup of plaque in arteries which cause to heart attack or stroke. Quercetin prevents the oxidation of LDL which causes the heart disease. In a recent study, the effect of quercetin supplementation was evaluated on blood pressure in hypertensive humans. The results of the study shows that although the blood pressure was not altered in hypertensive patients as a result of quercetin supplementation, however, it had been found to have a marked effect in reducing the blood pressure in stage 1 hypertensive patients 17 .
d) Diabetes
In vitro studies of quercetin in medium containing high concentration of sugar has proved to be inhibitor of lens aldose reductase, an enzyme that catalyzes the conversion of glucose to sorbitol and has important role in diabetic cataract 18 . Studies have also indicated quercetin to be useful in diabetic neuropathy and pain in straptozotic in induced diabetic rats 19 . Quercetin supplementation has also been found to lower the plasma glucose, preserves pancreatic β-cell integrity function in rat models of diabetes 20 . Studies have also raised concerns about long term use of quercetin in diabetes as incidence of increase of cataract and renal cell carcinoma was earlier reported. It may be because of Quercetin acting as pro-oxidant with progression of diabetes 21 . A reduction in jolting pain, numbness and irritation was also observed on topical application of quercetin with vitamin D 3 and ascorbyl palmitate for 3-4 weeks to foot showing diabetic neuropathy 22 .
e) Pain and Inflammation
In vivo animal studies have shown that Quercetin has anti-inflamatory action. It helps to overcome the inflammatory response induced by high fat diet 23 . It has also reduced clinical signs of arthritis in rats 24 . A recent study has shown that Quercetin administration in rat after traumatic spinal cord injury leading to recovery of motor functions was observed in half of the animals 25 , although this recovery seems to be frequency and dose dependent 24 .
Quercetin affects the L-Arginine-nitric oxide, serotonin, GABAergic and opioid system and relieves pain by inhibiting pronociceptive cytokine production and scavenges free radicals produced in inflammatory pain 26 . In vitro studies also support the anti inflammatory effect by inhibiting formation of cycloxygenase and lipoxygenase, the inflammation producing enzymes 27 . Human studies show a mixed response of quercetin as an anti inflammatory agent 28, 29 . In general it failed to prevent exercise induced increase in C-reactive proteins in athletes 30 and also has no effect on TNF-α in healthy subjects even though plasma quercetine in levels were significant. In some studies it showed no effect on CRP but TNF-α was decreased 29 when 150mg/day of quercetin was taken for six weeks.
f) Allergy and Asthma
In vivo studies of quercetin suggest that it has anti allergic 31 and anti asthmatic activity 32 . It also has anti inflammatory effects on allergic airway inflammation and asthma. It reduces eosinophil and neutrophil counts and infiltration in lungs tissue 33 . In vivo studies suggest quercetin inhibits anaphylactic contraction of ileum muscles in guinea pig 34 and suppresses immunoglobulin E responses and plasma histamine against peanut proteins in rats 35 . Quercetin glycoside provides a significant relief of ocular symptoms but no relief of nasal symptoms by pollens 36, 37 .
g) Alzheimer's disease (AD)
Alzheimer's disease (AD) is the most common senile dementia in the world. A recent study evaluated the neuroprotective effect of quercetin (25 mg/kg) administration on aged triple transgenic AD model mice. The study shows that quercetin decreases extracellular bamyloidosis, tauopathy, astrogliosis and microgliosis in the hippocampus and the amygdala. The findings suggest that quercetin reverses histological hallmarks of AD and protects cognitive and emotional function in aged mice. A recent study investigated the effect of 5-hydroxytryptamine type 3 (5-HT3A) receptor channel activity on pain transmission, analgesia, vomiting, and mood disorders in mouse model. The results suggest that quercetin is useful as a natural agent to prevent the nausea or vomiting induced by anticancer agents by activation of 5-HT3A receptors in the central nervous system and those 5-HT3 receptor antagonists such as ondansetron.
h) Quercetin and Skin health
Quercetin has ability of blocking "mast cells," which are immune cells and responsible for triggering stress-induced anxiety, allergic reactions, inflammatory disease and autoimmune disease 38 . Normally mast cells migrate towards skin to deals with a wound or infection or injury. Studies show that stress implied injury on skin and induce the immune cells to migrate towards skin 39 . These mast cells release the inflammatory chemicals which are responsible of causing various skin problems, allergies, asthma and digestive diseases. These mast cells send communication to nerves which in turn cause anxiety. It is clear that skin problems, allergy, asthma and stress are linked with mast cells. Therefore stress can cause allergic reactions, skin problems or even could land in chronic breathing or skin problems. Since quercetin has ability to check mast cell therefore prevents form allergic reactions and other skin related problems by stopping mast cell by releasing histamine which causes irritation. Quercetin also shows protective effects on nervous system and help by quenching the release of many pro-inflammatory cytokines, such as IL-8 and TNF, which are responsible for skin inflammation, thus quercetin found to be helpful in skin related problems like dermatitis, allergy and photo sensibility 40 .
i) Miscellaneous
In recent interesting study, the possible action of a dietary flavonoid, quercetin, and a sphingolipid, sphingomyelin, was examined as functional foods in healthy animals. The results indicated that both substances modify small intestinal activity in healthy mice and alter intestinal enzymatic activity and nutrient uptake. The effects observed in the small intestine did not result in impair of normal development of the animals, as indicated by varied biochemical parameters.
